L ow-back pain is one of the most common conditions for which patients seek medical care. 10, 11, 28 Epidemiological studies report that the lifetime prevalence of LBP is 70%-90% worldwide.
dividual level, because such MRI abnormalities are commonly observed in unaffected individuals. 12, 21 There is ongoing debate as to whether bone mineral density (BMD) is associated with LBP. Authors that have studied small samples argued that lower BMD at the lumbar spine was observed among LBP patients, and thus, that LBP increased the incidence of osteopenia. 13 However, others have found that study participants with LBP have significantly higher lumbar BMD than participants without LBP and concluded that the presence of rotational asymmetry or motion restriction was associated with elevated BMD at the affected vertebrae.
The purpose of this study was to test whether LBP is associated with BMD changes in the lumbar spine. To this end, we analyzed data obtained from the Fourth Korea National Health and Nutrition Examination Survey (K-NHANES IV, 2009), which are nationally representative health data for South Korea.
Methods

Study Sample
This study was based on data obtained from the cross-sectional K-NHANES IV, which was conducted by the Korean Ministry of Health and Welfare from January to December 2009. The K-NHANES has been conducted periodically since 1998 to assess the health and nutritional status of the non-institutionalized civilian population of South Korea. The survey is a nationwide representative study using a stratified, multistage probability sampling design for the selection of household units. The participants completed 3 questionnaire components of the K-NHANES (the Health Interview Survey, the Health Behavior Survey, and the Nutrition Survey) and also underwent the Health Examination Survey. The number of total participants for the K-NHANES IV was 10,533 subjects aged 1-95 years; however, for this study only data from the 7144 participants (3099 male and 4045 female) aged 21 years and older who had undergone bone density and muscle mass measurements were used (Fig. 1) .
Data Collection
Data from 3 components of the K-NHANES were used in this study: the Health Interview Survey (conducted by face-to-face interview), the Health Behavior Survey (conducted as a self-administered questionnaire), and the Health Examination Survey. Demographic (age, sex, and place of residence), socioeconomic (education, occupation and income), and lifestyle (smoking, drinking, and exercise) data were collected. Data regarding medical diseases that are considered important risk factors for LBP, such as hypertension, diabetes mellitus, and depression were also collected. Anthropometric measurements were performed as part of the Health Examination Survey. Body mass index (BMI, weight in kilograms divided by square of the height in meters) and waist circumference (in centimeters) were measured in all subjects. Each value (waist circumference and BMI) of study was calculated using a standardization equation (value/variance).
Bone mineral density (g/cm 2 ) at the lumbar spine was assessed by dual-energy x-ray absorptiometry (Discovery W, Hologic, Inc.). T-scores for the lumbar spine were calculated by the following equation: (BMD -reference BMD)/reference SD.
In patients considered to have LBP, the condition had been diagnosed by a medical doctor. Smoking status was divided into 3 categories: nonsmoker, less than 5 lifetime packs (smoking less than 5 packs in one's lifetime), and 5 or more lifetime packs (smoking 5 or more packs in one's lifetime). Alcohol intake was divided into 3 categories according to drinking frequency: less than 1 time per month, 1-4 times per month, and 2 or more times per week. Regular exercise was defined as engaging in moderate-intensity physical activity (qualifying activities include slow swimming, badminton, or table tennis) for at least 30 minutes per session at least 5 days a week.
Statistical Analysis
Data analyses were performed using SPSS software version 15 for Windows (SPSS, Inc.). The data are presented as the number of subjects in each group or the mean ± SD. The participants' characteristics were compared according to LBP status using chi-square tests for categorical measures and independent-sample Student t-tests for continuous measures. Multivariate logistic regression models were used to examine the relationships between lumbar spine BMD and LBP. The significance level was 0.05.
Results
The relationships between LBP and the participants' sociodemographic, personal, and medical characteristics are shown in Table 1 . A total of 1221 (17.1%) of 7144 participants reported LBP. The proportion of patients with LBP was significantly higher among females than among males (21.0% vs 12.1%, p < 0.001). LBP was more prevalent in the older population than in the younger population (p < 0.001). Of participants 21-30 years old, 6.5% had LBP; in contrast, 34.1% of participants 71 years or older had LBP. The proportion of patients with LBP was higher among those living in rural areas (23.9%) than among those living in urban areas (14.7%) (p < 0.001). One-third of agricultural and fishery workers suffered from LBP (31.7%), while only a small percentage of clerks (7.7%) suffered LBP (p < 0.001). As education level increased, the proportion of LBP patients decreased (p < 0.001). The proportion of LBP was the greatest in subjects with less than 6 years of education (31%) and the lowest in those with more than 13 years of education (8.0%). However, the relationship between income and LBP was not significant (p = 0.604).
More LBP patients were observed among nonsmokers (20.4%) than smokers who had smoked less than 5 lifetime packs of cigarettes (11.8%) or smokers who had smoked more than 5 lifetime packs (12.7%) (p < 0.001). Drinking behavior was also associated with LBP (p < 0.001). People who never drink alcohol or drink less than one time per month have more chance of reporting LBP than those who drink alcohol more frequently. However, there was no association between exercise and LBP (p = 0.055). All 3 medical factors, hypertension (p < 0.001), diabetes (p < 0.001), and depression (p < 0.001), were associated with LBP.
The results of analyses of the relationships between LBP and waist circumference, BMI, and lumbar spine T-score are shown in Table 2 . Among males, the average waist circumference of individuals with LBP (8.09) was not significantly different from that of those who did not have LBP (8.02) (p = 0.169). Among females, however, the average waist circumference of LBP patients was higher (7.71) than that of those who did not have LBP (7.45) (p < 0.001). Likewise, the BMI differed significantly between individuals with and without LBP only in females; females with LBP had a higher mean BMI (6.83 kg/m 2 ) than those without LBP (6.64 kg/m 2 ) (p < 0.001). Lumbar spine T-scores were significantly higher in females without LBP than with LBP (p < 0.001). However, no significant difference with respect to lumbar spine T-scores was observed in males (p = 0.950). Table 3 shows the results of logistic regression analyses examining the relationships between LBP and lumbar spinal bone density after adjusting for demographic (age and sex), socioeconomic (education, occupation, and income), lifestyle (smoking, drinking, and exercise), and medical (hypertension, diabetes mellitus, and depression) factors. Among the confounding variables, sex, age, education, and depression were associated with LBP. Lumbar spine bone density (as assessed by T-score) (OR 1.11; 95% CI 1.02-1.20) was associated with LBP.
Discussion
A number of studies have examined the relationships between structural changes in the spine and LBP. 2, 4, 8, 12, 13, 17, 29, 31, 35 However, there are limitations to generalizing these previous findings, because the studies analyzed data collected from small samples. We analyzed a large sample of K-NHANES IV data representing the general South Korean population and found that LBP was related to higher lumbar spine bone density.
The findings of this paper support the conclusions of a previous study, arguing that LBP patients have higher BMD T-scores because that their motion-restricted degenerative spines induce sclerosis of the bony endplate and facet joint. 34 Degenerative changes in the lumbar spine develop gradually and may deteriorate the structure and function of the spine. Over time, the connective tissue structure of the intervertebral disc and facet joints weakens and may become structurally defective and lead to the disc and facet joint's inability to manage mechanical stress. The stress from spine motion may result in a mechanical stimulation of the disc and facet joint and then induce osteophyte formation and endplate sclerosis. The thickening of the subchondral bone is caused by bony sclerosis derived from subchondral microfractures. These microfractures stimulate locally increased bone turnover, which leads to increased numbers and decreased separation of the trabeculae. 3, 7, 19 These structural changes (osteophyte formation and endplate sclerosis) increase vertebral body bone density. 16 It has become clear that there is an association between greater vertebral body bone density and more severe degeneration in the adjacent intervertebral disc. Interestingly, a recent study with micro-CT revealed the association of higher vertebral body bone density and more disc degeneration. 36 This association remained after the osteophytes and endplates were excluded from the vertebral body bone density measurements. There is supportive evidence that increasing osteophytosis of the knee joint is associated with higher femoral BMD.
14 Therefore, it has been suggested that stiffened vertebrae could re- sult in increased mechanical stress on the adjacent disc, whereas an osteoporotic vertebra may cushion or protect the disk from degeneration. 15, 27 Furthermore, the compressive loading pathways through the vertebra-disc complex could be altered by either osteoporotic bone or degenerated discs. 22 In the present study, we detected an association between higher lumbar spine bone density and LBP. Although disc and facet joint degeneration are well-known causes of LBP that induces subchondral plate degeneration near these structures, in our results, due to the lack of direct evidence to show the degenerative changes in lumbar spine, we were unable to affirm a causal relationship between LBP, the degeneration of spinal structures, and higher lumbar spine bone density. Therefore, it is possible that disc degeneration is influenced by altered mechanical loading owing to vertebral bone density changes; on the other hand, it is also possible that the elevated vertebral bone density is an adaptation of vertebral bone to the changing mechanical environment related to disc degeneration. Furthermore, a higher prevalence of degenerative changes was also observed in the non-LBP population. 12, 25, 34 Further randomized cohort studies are needed to identify treatments for degenerative changes and the prevention of LBP.
We found that females, older participants, and less educated participants were more likely to report LBP. Therefore, to reduce medical and economic costs associated with LBP, programs for the prevention of LBP among these vulnerable groups should be developed and implemented. Previous studies have found that depression is an important risk factor for LBP.
9,32,33 Ramond et al. 32 argued that individuals with depression feel more pain than those without. Another study found that the level of depression is associated with pain and that individuals with higher levels of depression feel pain more readily than those with lower levels of depression. 30 The findings of the present study are concordant with these previous findings. Survey participants with depression were on average 1.67 times more likely to report LBP (95% CI 1.40-1.98).
Our study was limited in its ability to explain the cause-effect relationship between LBP and lumbar spine bone density because it was based on a cross-sectional study design. Therefore, interpretations of the findings of this study should be guarded. Moreover, our study was subject to selection bias in that we excluded 599 survey participants who did not undergo bone densitometry. Although disc and facet joint degeneration are well-known risk factors for LBP, we were not able to analyze these important factors because we performed only a secondary analysis. We considered participants to have LBP only if LBP was diagnosed by a neurosurgeon, orthopedic surgeon, physiatrist, or family medicine or primary care physician, but variation in diagnostic criteria may also have caused bias in our model. Another limitation of this study design is the fact that our study sample included people who were previously diagnosed with LBP. Therefore, we were unable to exclude patients with previous diagnoses of serious structural diseases that might affect bone density, such as spinal stenosis, fracture, infection, or tumors. Although the prevalence of such serious diseases requiring medicosurgical intervention is extremely low, bone density results from these patients might have biased our regression model.
Conclusions
Higher bone density in the lumbar spine is associated with LBP independent of confounding factors such as sociodemographic status, education, and medical-psychiatric disorders. Investigations identifying the relationship between bone quality and LBP are needed. 
